The diabetes and obesity epidemics are closely intertwined. International randomized controlled trials demonstrate that, in high-risk individuals, type 2 diabetes can be prevented or at least delayed through lifestyle modification and, to a lesser degree, medication. We explored the relative roles of science, surgery, service delivery, and social policy in preventing diabetes.
In developed countries, chronic diseases are the leading cause of premature mortality and reduced quality of life. In developing countries, chronic diseases are increasingly matching, and in some cases overtaking, communicable diseases in contributing to a dual burden of ill health. Prevention is increasingly seen as a major strategy for combating chronic diseases. Type 2 diabetes, with its common risks and repercussions and complex relationship with sedentariness, obesity, cardiovascular disease, hypertension, dyslipidemia, stress, depression, and socioeconomic status, makes an ideal model for chronic disease prevention ( Figure 1 ). 1 We discuss the broad categories of prevention that are applicable to type 2 diabetes and related chronic diseases through common risk factors and comorbidities and acknowledge the need for comprehensive solutions across these areas. Diabetes is now cited by many as a global epidemic alongside and intertwined with the obesity epidemic. The International Diabetes Federation estimates that there were 189 million people with diabetes in 2003 and predicts an increase to 324 million in 2025. 2 Estimates from the World Health Organization (WHO) are similar, projecting an increase from 171 million in 2000 to 366 million in 2030. 3 Approximately 70% of this growth is predicted to occur in the developing world and will increasingly affect people aged younger than 65 years who are still in the productive stages of their life cycle, 4 thus posing an economic threat over and above the more direct disease cost to the public purse. Type 2 diabetes is a complex metabolic disorder triggered by lifestyle factors superimposed on a genetic predisposition, is responsible for approximately 90% of all diabetes, and accounts for most of the public health and cost burden attributable to diabetes. Further, although type 2 diabetes is mainly a condition of adults, recent studies highlight its increasing prevalence in adolescents and children. 5 The rapid rise of childhood obesity and its causal link to diabetes has led Olshansky et al. to forecast that type 2 diabetes has the potential to result in a decline in the overall life expectancy of the population within the first half of this century. 6 The principal risk factors for type 2 diabetes include aging, obesity, and low levels of physical activity. There is also accumulating evidence that shows that sedentary behavior, particularly watching television, is an independent risk factor for obesity and type 2 diabetes. 7 note positive effects of globalization on health but point out that these beneficial effects are offset by other, detrimental effects. Other recent reports that examine the interplay between macroeconomic forces and health also note the rising chronic disease risk attributable to urbanization.
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Prevalence of type 2 diabetes is also linked to socioeconomic status. In developed countries, diabetes prevalence is significantly higher in the lowest socioeconomic groups. 13 However, in developing countries, this situation may be reversed because the lower socioeconomic sectors of society continue traditional lifestyles long after their more affluent counterparts have shifted to sedentary lifestyles and energy-dense diets. Given the increasing prevalence of depression worldwide, prospective data suggesting that depression is associated with twice the risk of future development of diabetes 14 is also noteworthy. The complications of diabetes include coronary heart disease, stroke, lower limb amputation, impotence, renal failure, and visual impairment up to and including blindness. People with diabetes also suffer a considerable psychological burden, 15 including depression rates that are 2-3 times higher than their nondiabetic counterparts 16 ; an increased likelihood of anxiety states 17 ; high self-reported rates of poor quality of life, especially in the presence of diabetic complications [18] [19] [20] ; and high rates of poor well-being. 21 The World Health Report 22 cites diabetes as accounting for almost 1 million deaths annually, but these figures underestimate the true burden, because diabetes is known to be underreported on death certificates. Further, diabetes undoubtedly contributes to the burden of mortality from cardiovascular diseases, which accounted for some 17 million deaths globally in 2002.
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 FRAMING HEALTH MATTERS  FIGURE 1-Factors associated with type 2 diabetes as a "composite" chronic disease.
THE COST OF DIABETES IS ALREADY DISPROPORTIONATELY HIGH
The American Diabetes Association estimated that, in the United States in 2002, the national cost of diabetes was $132 billion-$92 billion in direct medical expenditures and $40 billion in indirect costs related to lost days of work, restricted activity, premature mortality, and permanent disability. 23 This same organization estimated that these costs will increase to $192 billion in 2020. 23 In addition, at present, total national costs in the US attributable to obesity approach $100 billion annually. 24 The annual average total cost of health care for a person with type 2 diabetes in Australia in 2001 was $4290. 19 In addition, each person with the disease incurs an average annual cost for a nonprofessional caregiver of $1505 and receives an average of $4430 in government benefits. 19 Complications are the main source of all types of diabetes costs, 25 increasing the annual cost from $3220 among people without complications to $7715 for people with both microvascular and macrovascular complications. 19 These figures are similar to those outlined in the European CODE-2 (Cost of Diabetes in Europe-Type 2) study 26 
The Economic Argument for Preventing Diabetes
There is accumulating evidence that diabetes prevention is cost-effective. Herman et al. simulated the lifetime cost-effectiveness of interventions designed to prevent diabetes from a health system and a societal perspective. 28 In comparison with placebo, costs per quality-adjusted life-year were approximately $1100 for lifestyle interventions and $31 300 for treatment with metformin. From a societal perspective, the interventions cost approximately $8800 and $29 900 per qualityadjusted life-year, respectively. Lifestyle interventions that targeted extremely obese individuals and women with previous gestational diabetes were cost-effective. 29 Using a population-based cost-benefit model to assess a diabetes early detection and prevention program, Walker et al. 30 estimated that the program would produce cost savings after 8 years and would cost $18 600 for each case of diabetes prevented. However, the program would require a budget of $1.4 billion over the 8 years to achieve the longerterm savings.
IS PREDIABETES THE WINDOW OF OPPORTUNITY?
In African countries. [41] [42] [43] In China, India, and many countries in sub-Saharan Africa, largescale poverty and lack of access to even rudimentary health services cause many people to die as a result of having diabetes without ever having been diagnosed. In type 2 diabetes, all interventions from the time of initial departure from good health are aimed at preventing, delaying, or reversing diabetic complications. Consequently, both prediabetes and undiagnosed diabetes, although representing different degrees of impaired glucose metabolism, are equally important prevention targets. Further, every population includes people across the spectrum of risk, from low to high risk, and people who already have evidence of disordered metabolism (e.g., prediabetes) or undiagnosed diabetes.
We reviewed the evidence that type 2 diabetes can be prevented or significantly delayed and explored opportunities for successful intervention, as well as the relative merits, potential contribution, and feasibility of science, surgery, service delivery, and social FIGURE 2-Population health protection and health promotion strategies bring benefit across the diabetes disease continuum.
policy in the future prevention of diabetes. We believe that combining a high-risk approach with a population approach is likely to bring health gain across the continuum from preventing the development of risk factors in the general population to reducing or reversing established modifiable risks and preventing the development of diabetes ( Figure 2 ). The complex nature of diabetes means that many organizations and agencies need to be engaged to effectively control the disease. In addition, policies are required to achieve an appropriate supporting and sustainable social and physical environment.
SCIENCE
Well-designed, rigorous randomized controlled trials conducted at an international level have clearly demonstrated that type 2 diabetes is preventable or at least can be significantly delayed through lifestyle modifications and, to a lesser degree, medication.
Prevention or Delay of Type 2 Diabetes in People With IGT
The Chinese Da Qing study 44 Other studies have used pharmacotherapy to prevent or delay the development of diabetes. 48 The landmark US Diabetes Prevention Program study included an arm in which participants were treated with metformin, which resulted in a 31% reduction in the incidence of diabetes. 47 In the Study to Prevent 
Other Emerging Scientific Contributions
Emerging contributions that may have an impact on diabetes and obesity in the longer term include research on "polypills," cannabinoids, and human genomes. However, their potential benefits and harms in terms of treating established risk factors as compared with the wider potential benefits of changing the social and built environment to reduce the likelihood of risk factor development are untested.
There is continuing debate among public health officials over Wald and Law's 53 suggestion, on the basis of a review of the literature on pharmacotherapy for cardiovascular risk reduction, that a "polypill" containing small doses of 3 different antihypertensive medications, a statin, a small dose of aspirin, and folate, may reduce the incidence of death from heart attacks and strokes by up to 85% in people from high-risk nations and in those aged 55 years and older. Other researchers have extended this concept to diabetes prevention by including metformin as one of the potential ingredients. While its simplicity is seductive, the notion of a polypill is, in effect, yet another band-aid solution that does nothing to address determinants of chronic disease risks. Acting to prevent risk factors from developing is particularly relevant to diabetes prevention, where lifestyle intervention has been shown to be twice as effective as treatment with metformin. 46, 47 Recent attention also has focused on the role of the cannabinoid system in regulating food intake. 54 Central cannabinoid receptors located in the brain respond to endocannabinoids and the psychoactive ingredient of marijuana in a variety of ways, including appetite stimulation and food reward, which influence the intake of palatable food and drink. This system appears to not "switch off" when eating excess amounts of food. Pharmacological agents, such as rimonabant, which is in the advanced stages of clinical trials and could Whether rimonabant proves to be more efficacious or cost-effective than currently available pharmacotherapy for weight control remains to be seen. Now that the human genome has been mapped, attention is focusing on exploring the genetic and environmental influences on common diseases. 56 Large-scale trials are being developed in an attempt to systematically examine the gene-environment-disease relationship. This research has the potential to improve the ability to target the individuals or groups most likely to benefit from prevention strategies. However, the possibility of preventative health gain as a result of human genome research is very much in the future.
SURGERY
Although a variety of options exist to help reduce overweight and obesity, including dietary therapy, changes in physical activity, behavior therapy techniques, and pharmacotherapy, in general their effectiveness is limited for achieving substantial and sustained weight control. 57 By contrast, weight loss surgery can achieve substantial weight reductions. 58 The Swedish Obese Subjects
Study included 1879 patient pairs in which one member was surgically treated and the other received nonsurgical obesity treatment. The 2-year mean weight loss was 28 kg among obese patients who had undergone surgery compared with 0.5 kg among obese participants who had not. After 8 years, the mean weight loss was 20 kg in the surgical group, whereas the controls had gained 0.7 kg. 59, 60 In the surgical group, 8-year incidence rates of diabetes reduced 5-fold compared with the control group. 61 Another retrospective study also indicated that diabetes could be prevented over the long term (14-year follow-up) with gastric bypass surgery. 61 However, although some evaluations suggest that obesity surgery can be cost-effective, 62, 63 Segal et al. 29 found that gastric surgery was less cost-effective per life year saved compared with lifestyle modification to prevent diabetes.
In assessing whether bariatric surgery should be offered more widely for the prevention of type 2 diabetes, it should be noted that just a modest weight loss of 5% to 10% has been shown to have health benefits. 64 The feasibility and safety of offering invasive surgery as a prevention strategy on a broad scale poses problems, and there is an argument for channeling resources into the creation of environments that reduce the likelihood of obesity rather than waiting to act after becoming obese. This might include regulation of the food industry with regard to advertising, labelling, and the fat and sugar content of food, as well as urban planning and social policies that promote physical activity. In view of these considerations it seems unlikely that bariatric surgery will have a significant role as a prevention strategy for type 2 diabetes.
SERVICE DELIVERY
The evidence base from randomized controlled trials focusing on diabetes prevention is almost exclusively centered around IGT, with available evidence involving "at-risk" individuals. This situation raises a number of issues. IGT has not been traditionally "owned" by any particular health care provider group, although in some countries primary care physicians are beginning to express interest in claiming IGT as part of their area of clinical responsibility. Diabetes specialists have been a little slower in providing services for people at risk of diabetes, possibly as a result of the increasing numbers of people with overt diabetes requiring treatment, or possibly as a result of funding mechanisms.
There is also an obvious mismatch between the most prevalent health problems (i.e., chronic conditions) and the preparedness of the workforce to deal with these problems. Pruitt and Epping-Jordan have called for a restructuring of training to include a new set of core competencies, including knowledge, skills, and abilities, that are designed to prepare 21st-century health workers to manage today's most prevalent health problems. 65 The World Health Organization (WHO) Global Strategy on Diet, Physical Activity and Health suggests that patients' and families' routine contacts with health service staff should include practical advice on the benefits of healthy diets and increased levels of physical activity in combination with support to help patients initiate and maintain healthy behaviors. The WHO Global Strategy also proposes that a large part of the population can be reached through routine inquiries into key dietary habits and physical activity, along with provision of simple information and skill building techniques designed to produce behavior change, and that such a strategy can be cost-effective. 66 Among clinicians, funders, planners, and policymakers, the prominence of IGT in the prevention evidence has served to create an emphasis on the high-risk approach. This emphasis is no doubt because of the weight and quality of the evidence, but such an approach is also attractive because it is an easier option than dealing with the multisystem, multisector, and multisetting complexities associated with creating healthier antiobesogenic, antidiabetogenic environments. Glascow et al. 67 have pointed out that the high-risk approach must complement a wider public health approach to chronic disease prevention. Geoffrey Rose neatly conceptualized this notion, saying, "It makes little sense to expect individuals to behave differently from their peers; it is more appropriate to seek a general change in behavioral norms and in the circumstances which facilitate their adoption." 68(p164) Satterfield et al. 69 conducted a systematic review of 16 studies on community-based interventions designed to prevent or modify risk factors for type 2 diabetes. The interventions essentially targeted ethnic populations that had a high prevalence of diabetes. Strategies used invariably combined diet and exercise. The results of this review were inconclusive owing to lack of data on reductions in blood glucose levels or other diabetes risk factors, as well as study design limitations. Satterfield et al. highlighted the need for further research in this area, but suggested a combined population and high-risk approach. In Sweden, the Stockholm Diabetes Prevention Program aims to reduce Sweden's incidence of type 2 diabetes by 25% over 10 years by combining community-wide strategies with more focused activities, such as interventions in the workplace and in schools. The Finnish Prevention Programme exemplifies a nationally coordinated and Key Policy Recommendations of the World Health Organization's Global Strategy on Diet, Physical Activity and Health
• National dietary and physical activity guidelines • Fiscal and agriculture policies designed to influence food availability and food choices • Transportation and environmental policies designed to promote physical activity • School policies • Changes in marketing practices, especially marketing targeted toward children • Stronger prevention elements within health services • Public awareness campaigns • Clear, simplified messages (reduce salt, sugar, fat; increase fruits and vegetables, physical activity) • Accurate nutrition labeling and monitored nutrition and health claims integrated comprehensive approach to diabetes prevention. 71 Combining a high-risk approach with a population approach means that any investment in primary prevention has the capacity to bring gains across the continuum of care. Figure 1 illustrates how broader changes in the social environment can affect people who already have diabetes as well as those identified as at risk and those in the population who do not yet have any manifestation of disease or disease risk and who need to be kept healthy.
SOCIAL POLICY
Although we recognize the benefits of science, surgery, and service delivery in relation to certain aspects of chronic disease prevention, it is clear that, either independently or in concert, none can achieve the broad scale changes required to prevent diabetes and obesity on a population basis. Beaglehole and Yach 11 pointed out that the increasing burden of noncommunicable diseases in poor countries and poor populations has been neglected by policymakers as well as major multilateral and bilateral aid donors and academics. They call for a comprehensive policy and action response on the part of governmental and nongovernmental agencies. The Global Strategy on Diet, Physical Activity and Health 66 recently reinforced the idea that there is a need for a combined health, fiscal, and social policy approach, as outlined in the box on this page. Similarly, Wanless 72 called for the government of the United Kingdom to adopt an intersectoral approach to bring about the full engagement of all levels of the health system, all sectors of government, and the public to address determinants of disease and transform the system into a health system rather than a sickness system. Others conceptualize this as a "sectors and settings" approach, 73 sectors being the parts of community and social governance that regulate various areas such as health, education, and transportation and settings being the locations where individuals live, work, pray, and play. With regard to changing individual and overall dietary behaviors, some propose to emulate the methods adopted by the antismoking lobby. The implications of the Tobacco Framework Convention in terms of addressing determinants of food-related morbidity and mortality are set out by Yach et al. 74 However, although credit is unreservedly due to the public health effort that brought about the policy and public mind-set that smoking is unhealthy, uncool, and even uncouth, it must be noted that the antismoking lobby had the advantage of a very clear-cut and simple message: "Smoking kills-don't smoke." The diabetes and obesity message is not so straightforward. Yach et al. 75 identified 3 pivotal levers for change: (1) raising the profile of chronic diseases in the minds and on the agenda of policymakers, (2) providing policymakers with the necessary evidence to support the case for prevention, and (3) advocating the need for widespread heath system changes. This strategy should be expanded to include macroeconomic policies and entire government systems, not just health systems. Others have argued that the policy approach in government alone is not sufficient in a world where power and authority often rests with global corporations. These researchers have called for an "expansion of the public health table" to include big business, labor unions, and other organs of civil society in order to discuss health challenges and agree on a way to move forward. 76 The question is,
"how can such a plan be achieved, and who can influence the process?"
Governments
Clearly, governments, in cooperation with other stakeholders (e.g., industry, nongovernmental organizations, and health professionals), play a central role in creating an environment that empowers and encourages individuals, families, and communities to make positive, life-enhancing behavior changes in terms of diet and patterns of physical activity. 75 In addition to direct health policy and services, the responsibility of governments includes sectors that have a pivotal influence on health, such as agriculture, education, and transportation. Social determinants of health are also mediated by fiscal policy and employment opportunities. Consequently, it is imperative that the executive of the government, especially the head of the government, and the finance minister be involved in discussions that traditionally have been limited to matters of microeconomic reform inside the health portfolio. Commerce, industry, and labor traditionally have not been invited to the discussion, but should also be involved. The growing awareness and action of the United Kingdom and Finnish governments have already been described, and the United States has recently joined the ranks of countries that have formal diabetes action plans in place. 77 Other governments, such as those of Canada, Brazil, and Thailand, are also demonstrating their commitment to prevention of diabetes or other chronic diseases, or both, through policies, programs, and legislation aimed at promoting health and reducing lifestyle risks. Although these initiatives alone will not effect change, they provide a focus and direction for action. In addition, a new advocacy model, "parliamentary diabetes support groups," is emerging from within governments in the US, Australia, 78 and, more recently, the United King- 
Nongovernmental Organizations
Beaglehole and Yach 11 noted that advocacy at the global level in the area of noncommunicable diseases is weak and disease specific rather than integrated and coordinated across diseases. However, there are formal "chronic disease alliances" (e.g., for heart, kidney, and diabetes) between nongovernmental organizations (in the United States, Canada, and Australia), and these alliances are becoming increasingly influential. The Oxford Health Alliance is an example of an industry-academic global antichronic disease partnership that brings together important global players to advocate for and to act on chronic diseases.
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Business
Industry and business are also acting to influence health though workplace policies aimed at protecting and promoting health and offering and rewarding preventive activities. Organizations such as the Leapfrog Group, 80 General Electric, Ford, and Proctor and Gamble are initiating provider reward programs for quality and effective care, and Johnson & Johnson has a Health and Wellness Program that covers more than 47 000 domestic employees. Although these and many emerging workplace programs are not necessarily specific to diabetes and obesity, they all aim to improve health. They also signal a corporate mindset that is coinciding with another significant, potential driver of social policy: the rising voices of consumers and civil society demanding attention to the determinants of health.
Civil Society
The WHO states that civil society and nongovernmental organizations can help to ensure that consumers ask governments to provide support for healthy lifestyles and ask the food industry to provide healthy products. 66 Raymond et al. 76 This alternative report, which was started on the basis that civil society needs to produce its own global health report unfettered by political restrictions, challenges the relevance of the WHO World Health Reports. Although there is a need to invest in building the evidence base around the role of policy, and, in particular, finding the appropriate tools for evaluating a policy's impact, there is clearly a convergence of opinion that it is time to enact policies aimed at creating healthier social and physical environments. This opinion is accompanied by an emerging trend to return to not only the concept but the reality of community: where we live and the types of societies we want. There are also signs that we are returning to the notion of community as a "new" public health concept. This trend will see greater engagement by consumers and civil society in health care policy and decisionmaking at all levels. Although the benefits of such a "fully engaged scenario" 72(p3) remain to be rigorously tested, modeling has indicated that increased investment in these areas will bring both health and financial gains in the longer term. In the meantime, lobbying groups are increasingly calling governments and industry, particularly the food industry, into account. Consumers will increasingly sit on high-level government policy, strategic planning, monitoring, and research committees, and communities will have greater input into town planning and environmental issues that have an impact on health.
Governments have the classic tools of legislation, regulation, and taxation at their disposal to enact social policies that can serve to turn the tide of diabetes, obesity, and other chronic conditions. Thanks to the growing and increasingly concerted voices of lobby groups, governments are beginning to take this role more seriously. A tipping point seems to be approaching, and, if we all add our voices to those already calling for the creation of healthier environments, the reduction of the disease and cost burdens of diabetes, obesity, and other chronic diseases will become reality.
